The literature abounds with reports on essential oils, mostly focused on their chemical composition. On the other hand, there is a growing interest in their antibacterial properties, as well as their exploitation in food preservation. The latter was initiated by the negative consumer perception against artificial preservatives, which has shifted research effort towards the development of alternatives seen by the wide audience as "natural". In this context, the essential oils of edible and medicinal plants, herbs and spices constitute a class of very potent natural antibacterial agents, widely accepted by consumers [4, 5] . Thus, there is substantial research interest concerning their possible application in functional foods as alternative additives that prevent the growth of food-borne pathogens and/or delay the onset of food spoilage [6] [7] [8] [9] [10] [11] . Previous reports have established that the essential oils derived from wild growing plants of the Greek region [(Origanum, Satureja and Thymus species (Lamiaceae)] possess significant antibacterial activities [11] [12] [13] [14] [15] . Reports on oils of Origanum and Thymus species are concerned with their chemical composition and antimicrobial properties, as well as their application in various commercial preparations, mainly as antimicrobial and antioxidant agents [16] [17] [18] . These properties greatly depend on their chemical composition and are mainly attributed to their content of carvacrol and thymol. It is noteworthy, however, that most of these reports do not concern their antibacterial activities against foodborne bacteria, thus retarding their commercial application in food preservation and in the extension of the processed food shelf life [18] .
Recently we have undertaken an ongoing investigation concerning the determination of the chemical compositions and biological activities of various wild growing plant species of Greece [19] . In this context, the main subject of the current study was the determination of the chemical composition of forty-nine essential oils from wild growing plants of the Greek region. Subsequently, we have carried out comparative evaluation (in respect to their chemical composition) of their biological activities against five representative food-borne pathogenic bacteria, namely: Escherichia coli 0157:H7 NCTC 12900, Salmonella Enteritidis PT4, Staphylococcus aureus ATCC 6538, Listeria monocytogenes Scott A and Bacillus cereus FSS 134. 
α-terpinene, α-thujone, myrcene and linalool (Aldrich); and terpin-4-ol and α-terpineneol (Fluka). (Table 1) were chopped and subjected to steam distillation in a Clevenger apparatus for 3 h with 3 L H 2 O. The resulting essential oils were dried over anhydrous sodium sulphate and stored at 4 o C. The colours of the oils varied from light yellow to light amber. Yields of the essential oils are presented in Table 1 .
Isolation of the essential oils: Samples of each species collected

Gas chromatography:
All GC analyses were carried out on a Perkin-Elmer Clarus 500 gas chromatograph, fitted with a HP 5MS 30 m x 0.25 mm x 0.25 μm film thickness capillary column and FID detector. The column temperature was programmed from 60°C to 280°C at a rate of 3°C/min. The injector and detector temperatures were programmed at 230°C and 300°C, respectively. Helium was used as the carrier gas at a flow rate of 1 mL/min.
Gas chromatography/mass spectrometry:
The GC-MS analyses were performed using a Hewlett Packard 5973-6890 GC-MS system operating on EI mode (equipped with a HP 5MS 30 m x 0.25 mm x 0.25 μm film thickness capillary column), using He (1 mL/min) as the carrier gas. The initial temperature of the column was 60°C; this was then gradually heated to 280°C at 3°C/min. The identification of the compounds was based on comparison of their retention indices (RI) [20] using various n-alkanes (C 9 -C 24 ). Also their EI-mass spectra were compared with the NIST/NBS and Wiley spectra libraries, and literature data [21, 22] . Additionally, the identity of the indicated compounds was confirmed by comparison with authentic samples.
Bacterial cultures:
Staphylococcus aureus (ATCC 6538), Escherichia coli O157:H7 (NCTC 12900), Listeria monocytogenes Scott A (kindly provided by Dr Eddy Smid ATO-DLO), Salmonella Enteritidis PT4 (kindly provided by the University of Surrey) and Bacillus cereus FSS 134 were grown overnight in flasks containing BH broth (Merck cat. No 1.100493), with shaking, at the appropriate temperature for each bacterial species. The cells were harvested by centrifugation at 3000 g for 15 min at 4°C (ALC 4239R). Subsequently, the cells were washed twice and resuspended in Ringer solution (LabM) to provide a bacterial concentration between 10 6 -10 7 cfu/mL.
Antibacterial assays:
The antimicrobial activities of the tested essential oils were monitored using the disc diffusion method. The bacterial suspensions were diluted tenfold in Ringer's solution (LabM). A 0.1 mL portion from the appropriate dilution was spread plated onto BH Agar (Merck cat.no.1.13825) in order to give a population of approximately 10 6 cfu/plate. Subsequently, sterile paper discs of 6.48 mm diameter (Whatman No 2) were placed onto the inoculated agar surface and 5 μL of each essential oil was added to the paper discs. Each experiment was carried out in triplicate. Petri dishes were incubated for 48 h., at 37 o C for E. coli 0157:H7 NCTC 12900 and S. Enteritidis PT4, 35°C for B. cereus FSS 134 and 30°C for L. monocytogenes Scott A and St. aureus ATCC 6538. After incubation, the inhibition zones were estimated by taking photos of the Petri dishes with a SONY camera (x-wave HAD SSC-DC50AP) and processed using Impuls Vision XL 2.5 software. Each inhibition zone diameter was measured three times and the average is presented.
Statistical analysis:
Principal component analysis (PCA) was applied using the MATLAB 7.1 software, in order to examine the interrelationships between plants collected and their antibacterial activity. The following variables were used as mathematically chosen by the statistical program: α-pinene, β-pinene, myrcene, p-cymene, limonene, 1, 8-cineole, γ-terpinene, thymol, carvacrol, β-caryophyllene, D-germacrene, myristicin, camphor and δ-3-carene.
Phytochemical analysis:
The essential oils assayed were found to display either a typical monoterpene hydrocarbon pattern (e.g. Thymus leucotrichus, T. leucospermus, Phlomis samia, Senecio eubeus) or contain phenol monoterpenes (e.g. Origanum ssp., Satureja ssp.) and/or various alcohols (e.g. Nepeta ssp., Ocinum basilicum, Lavandula angustifolia). The detailed composition of the oils (> 3%), obtained by combined GC and GC/MS analyses, are shown in Table 2 . Most oils tested contained thymol and carvacrol, which were determined as the principal components of the essential oils obtained from Origanum, Thymus and Satureja species. These results are in accordance with previous reports in the literature for these species [12, 18, [23] [24] [25] . On the other hand, the content of the oils of S. spinosa, O. vulgare and Thymus longicaulus varied greatly with different ecological areas ( Table 2) , but showed a large prevalence of their phenolic constituents. In most cases however, carvacrol constituted the major component of the oil tested ( Table 2 ). These results are in accordance with previous observations concerning several other Greek wild populations of the same taxon [26] .
Antibacterial assays:
We have initially evaluated the antibacterial activity of forty-nine essential oils derived from Greek plants of wide biodiversity using the disk diffusion assay and a panel of five common food-borne bacterial strains. For comparison purposes, we have also determined the corresponding activities of the two major monoterpene phenols (carvacrol and thymol) and two known antibiotics (gentamycin and tetracycline). The initial results ( Table 3) indicated that most of the oils tested displayed noteworthy antibacterial activities against the different strains tested. It must be noted however, that the antibacterial activities of the oils of Satureja, Origanum and Thymus against these pathogenic bacteria were the most intense, which may be attributed to the presence of monoterpene phenols, as well as to the secondary and synergistic effect of biologically active minor constituents, such as γ−terpinene and p-cymene [3, 13, 15, 27] . This is in agreement with previous reports [18] indicating that an essential oil containing 53% carvacrol and thymol possessed superior antibacterial activity compared with respective oils richer in monoterpene phenols (87% content). The aforementioned results are also in agreement with reports indicating that Gram-positive [28, 29] .
Principal component analysis (PCA):
According to the analytical and biological data presented in Tables  2 and 3 , the most effective oils were derived from various Satureja spp. and Οriganum vulgare. These results were statistically verified through PCA. Specifically, the variables that influence PCAs, as mathematically selected by the statistical program Matlab 7.1, are presented in Figure 1 . They mainly concern the concentrations of α-pinene, β-pinene, myrcene, p-cymene, limonene, 1, 8-cineole, γ-terpinene, thymol, carvacrol, β-caryophyllene, germacrene-D, myristicin, camphor and δ-3-carene.
However, the monoterpene phenol, carvacrol is the variable that influenced, to the highest degree, the variation of Axis 1 (Figure 1 ). With respect to the PCA of the chemical composition, oils that are rich in carvacrol and thymol were found to display the most intense antibacterial activities ( Figure 2) . Thus, the most effective essential oils against food-borne pathogens have been categorized in group A (intense antibacterial activities, In summary, various essential oils obtained from representative Greek plants with a wide degree of biodiversity were tested against five food-borne pathogens. The PCA studies of their chemical content indicated that the antibacterial properties of the aforementioned oils greatly depend on their content of the monoterpene phenols carvacrol and thymol. Furthermore, the chemical content of the essential oils may correlate with their antibacterial properties offering a rough estimation of their respective antibacterial potential.
